The correct understanding of the conceptual and practical counterpart of Industry 4.0 is of great importance because global competition has made the technology-based production a necessity. The aim of this study is to propose a model that will predict the companies' existing and predicted Industry 4.0 levels. The changes of the concepts are examined and interpreted for 3 different hypothetically prepared scenarios. In the first scenario, an organization that is poorly managed in terms of the development of Industry 4.0 is considered.
Introduction
In today's world, web technologies, applications, business and information systems, smartphones, computers, 3D printers etc., which makes daily life greatly easier.
2 Developing technology also creates great competition in the industrial environment.
However, most organizations are not fully prepared for Industry 4.0 which makes technology more adaptable to production [1] .
The main focus of Industry 4.0 is to be able to perceive hidden information within systems, to synthesize the acquired information with scientific methods and to easily adapt their behavior. Intelligent manufacturing systems and processes, as well as appropriate engineering methods and tools, will be key factors for coordinating the different and interconnected manufacturing facilities in future smart plants [2] . Today, there are many studies on Industry 4.0, are collected in different areas, some sample studies are shown in Table 1 . Because Industry 4.0 transformation is a complex process for institutions since it affects many departments for institutions, Fuzzy Cognitive Maps (FCM) can play an important role to reduce this complexity and provide a decision support. In the literature review, it was determined that the studies were carried out with questionnaires in order to analyze the Industry 4.0 components. In this study, FCM was used for the first time to analyze the importance of the concepts affecting Industry 4.0 and to analyze the future trends of the Industry 4.0 process through hypothetically determined scenarios.
The aim of this study is to establish a model by determining the basic concepts related to industry 4.0. Thus, it will be possible to determine which concepts should be focused in order to improve the Industry 4.0 levels of organizations. Then, FCM, based on fuzzy logic and cognitive maps, which is a suitable method for the modeling and analysis of complex systems (complex systems including uncertainty) [10] - [13] , is used in this study. In the proposed model, it can have insights about possible future Industry 4.0 levels.
The rest of the paper is organized as follows. In Section 2, a literature review about fuzzy cognitive maps applications is given. Section 3 contains technical explanations about Fuzzy cognitive maps. In Section 4, the model developed for industry 4.0 is examined as static and dynamic analysis. Section 5 presents the conclusion of the study.
Literature Review
FCM method was developed by Kosko [14] after the emergence of cognitive maps as a visually enriched decision support model for analyzing complex systems [15] . It examines the dynamic interactions and behavior of the system. FCM is a simple way of illustrating the causal relationships between concepts in the system and explaining the behavior of the system by utilizing the accumulated knowledge of the complex system graphically [16] .
FCM is studied in the subjects of political, social sciences, medical, engineering, business systems, environment and agriculture, information technologies, energy modeling, decision support systems, classification, estimation, research, an information system for the analysis of system states with structures. The work done in the last years related to the above-mentioned areas about FCM applications are given in table 2 briefly. The FCM method is chosen to determine the trend of Industry 4.0 and to reveal a prediction model. Because Industry 4.0 is a complex process which requires expert opinions to determine its level. The FCM method is suitable for the analysis of the predictions of this process.
Fuzzy Cognitive Maps
FCM is a combination of fuzzy logic and cognitive maps. It has a structure that can express the structure of systems with related events. It allows receiving feedback on the status of the system over time [37] . FCM, when first proposed by Bart Kosko in 1986, suggests that the relationships between concepts must be fuzzified, and the developments in this area have been initiated. A simple FCM structure is shown in Figure   1 . Arrows show causality between concept nodes, indicates the causality weight of concepts [38] . There are 3 cases related to weight. and , that is, the increase / decrease in the node causes an increase / decrease in the node . < 0 indicates a negative relationship between the conceptual variables and , that is, the increase / decrease in the node causes a decrease / increase in the opposite direction in the node . = 0 indicates that there is no relation between and concept variables.
The concept variable value is calculated for each concept:
is the value of concept at step ( + 1), ( ) is the value of concept at step ( ), is the interaction matrix. , which is threshold function, provides 
Implementation
In this study, two types of analyzes are performed statically and dynamically. With the help of static analysis, the situation of the system is presented in the general framework.
The reason for using the static analysis approach is the assumption that the determined weights will not change over time by taking expert opinions. These weights indicate the importance of relationships between concepts. Using the dynamic analysis approach, the scenarios were analyzed based on time. Thus, it provided insights about the future of organizations in terms of Industry 4.0.
Static Analysis
In In addition, as a negative concept, "Corporate Risks" have been added to the IMPULS criteria and a model has been proposed. Table 3 shows the concepts and related explanations.
6 Table 3 .
Industry 4.0 Model Concepts and Explanations
The relationship map of the created model is drawn with a consensus by 3 experts working in the field of Industry 4.0. The relationship map of the Industry 4.0 model is shown in Figure 3 . Figure 3 . For example; First, second, and third expert indicated that the influence from C1 to C8 is "Positive Very High", "Positive High" and "Positive Very High"
respectively. Using the centre of gravity method in Equation 3, the weight between the concepts C1 and C8 was found. Each relationship is interpreted in the same way and linguistic expressions are digitized using the centre of gravity method as shown in Table   4 . The DEMATEL (Decision Making Trial and Evaluation Laboratory) method is an effective method for examining the structure and relationships between the system concepts. It determines the importance of the concepts according to the relationships with each
other. An extensive analysis of the concept relations is made by using a part of the DEMATEL method with the created weight matrix. This analysis is needed to obtain meaningful results from expert opinions. The degree of prominence and cause and effect groups of concepts can be determined with the values of D + R and D-R found respectively. Table 5 shows the total causality matrix. Absolute values are taken to account for avoiding the reducing role of negative effect weights in the calculation of total effect levels. (5) where , indicates columns, illustrates rows number.
values, which is weights between the concepts, are taken from Table 4 . The Table 5 .
The values of ( − ) illustrates the concepts in cause and effect groups. Concepts (C1, 
Dynamic Analysis
In this study, FCM is applied considering weight matrix and the effects of the other concepts on the Industry 4.0 tendency and the status of the systems are analyzed using After equation (1) and (2) are implemented. Figure 5 is obtained for all concepts. When the graph is examined, it can be seen that the Industry 4.0 Tendency has increased for a while, then it has decreased. The reason for this is the favorable effect of moderately good management of the other concepts on it. 
Conclusion
Organizations desire to develop themselves by adapting to changing conditions. So they work hard to get ahead of the competition. In this regard, it is necessary to determine and apply their own strategies correctly. Organizations need to know about their current situation and be aware of how certain concepts that directly affect the organization in order to put forward short or long-term strategies.
In this paper, it is aimed to reveal that which concept changes the and 3rd scenarios are found as 0.04, 0.12 and 0.95 respectively. In addition, the number of steps until reaching a steady stead is also important for the study.
In this study, strategy and organization (C1), smart operation (C2), and smart factory (C3) concepts are found to provide the most significant contribution over the industry 4.0 level as a result of static analysis section. When these concepts are managed well, the Industry 4.0 level will be in a better position in the future and the number of steps to reach a steady state will also decrease at the same time.
In Todays World, Industry 4.0, which organizations are trying to fulfill their requirements, has become very popular. The Industry 4.0 tendency of the organizations has been analyzed with the help of the developed model and FCM. In this way, organizations will be able to have an insight in terms of their development.
Two limitations are determined in the study. In the developed model, implementation is made based on three expert opinions. The number of experts may be sufficient to demonstrate the accuracy and applicability of the model. However, by increasing the number of experts, better results may be obtained. Another limitation is that the modelling of systems is complex and variability, and the changes that may affect the system are not fully known. In processes such as Industry 4.0, organizations sometimes encounter external and internal problems that they do not expect. It is very difficult to foresee them.
The FCM approach, which is a decision support method, is suitable for such complex models in the literature. The integration of different methods with FCM seems promising for the future. [17] Prediction and Learning Political and Social Sciences [18] Modelling and Policy Scenarios [19] Decision Support Systems Medical [20] Decision Support Systems [21] Classification [22] Decision Support Systems [23] Decision Support Systems [24] Modelling Engineering [25] Modelling and Decision Support Systems [26] Decision Support Systems Business [27] Information Representation [28] Classification, Decision Support Systems [29] Decision Support Systems Environment and Agriculture [30] Policy Scenarios [31] Classification [32] Optimization, Modelling Information Technologies [30] Modelling [33] Policy Scenarios [34] Policy Scenarios Energy [35] Modelling, Optimization, Prediction [36] Modelling 
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